In this study, in order to clarify the host genetic factors that influence dental caries susceptibility, we examined the role of host genetic factors by comparing whole genome expression and salivary protein levels using C57BL/6 (B6) mice, which showed high dental caries susceptibility, and C3H and B6-Chr2 C3H mice, which show low dental caries susceptibility.
Introduction
Dental caries is one of the most prevalent chronic diseases in pediatric dental patients and affects their growth and well-being. Dental caries is a multifactorial disease widely acknowledged to be caused by a combination of environmental and behavioral factors, and genetic predispositions. The environmental risk factors for dental caries have been studied for decades, and include dietary behaviors, bacterial flora, transmission of bacteria among hosts, hygiene, socioeconomic status and access to oral health care.
However, little is known about the relationship between host genetic background and the progress of dental caries (1) (2) (3) . It is important to identify host genetic factors controlling caries susceptibility, and to clarify the host defense mechanisms influencing caries development.
In our previous study, we reported that various inbred mouse strains developed dental caries after infection with Streptococcus mutans (S. mutans), and high sucrose consumption, and it was noted that the mice could be divided into two groups, corresponding to high and low caries susceptibility; the C57BL/6 strain (B6) showed high susceptibility and the C3H strain (C3H) showed low susceptibility (4-7). As a result of quantitative trait locus (QTL) analysis, four QTLs were detected on chromosomes 1, 2, 7 and 8. In particular, the QTL on chromosome 2 showed a strong relationship with dental caries susceptibility (8, 9) . For the elucidation of the causative genes for dental caries susceptibility, we established chromosome-substitution mice, known as consomic mice (B6-Chr2   C3H ), in which all chromosomes except chromosome 2 were derived from B6(10). On caries induction in B6-Chr2 C3H infected with S. mutans JC-2 (serotype c), the caries score for B6-Chr2 C3H was significantly lower than that in B6, and did not differ significantly from that in C3H.
Salivary flow volume in B6-Chr2 C3H was also greater than in B6 and was significantly less than in C3H(11).
B6-Chr2 C3H strain showed low dental caries susceptibility and the 3 mouse strains showed differences in salivary flow volume. However, no studies have been performed to investigate the host genetic factors that influence dental caries susceptibility using B6-Chr2
C3H
.
In this study, we investigated gene expression in the submandibular glands of 3 mouse strains that show differences in caries susceptibility. To clarify the host genetic factors that most strongly influence dental caries susceptibility, we comprehensively compared the whole genome expression in the submandibular gland. In addition, as salivary protein influences caries susceptibility, we also examined salivary protein levels in the 3 mouse strains.
Materials and Methods

Mice
C57BL/6CrSlc (B6) and C3H/HeSlc (C3H) mice, and consomic mice (B6-Chr2
C3H
) were used in this study.
Twenty-day-old B6 and C3H mice were purchased from Sankyo Lab Service Co. (Tokyo, Japan), and B6-Chr2 C3H mice were maintained in our laboratory. All mice were kept in clean racks at room temperature (25 ± 1℃), with a relative humidity of 55 ± 5%, and a 12-hour light/dark cycle.
Mice were fed ad libitum on a commercial diet (MR Breeder; Nihon Nohsan Co., Kagawa, Japan), and were provided pure bottled water. The animal-use protocols of this study were reviewed and approved by the Nihon University Institutional Review Board (ECA 08-0012).
RNA isolation and microarray analysis
For gene expression analysis, submandibular glands were dissected from the 3 mouse strains at 49 days of age. Total 
Statistical analysis of microarray data
The resulting data from the 3 mouse strains were analyzed using Affymetrix Expression Console Software cDNA was synthesized from this total RNA using PrimeScript II 1st strand cDNA Synthesis kit (Takara, Tokyo, Japan).
RT-PCR was carried out using a Gene Amp PCR System 9700 (Applied Biosystems, Foster City CA). Primer sets are listed in Table 1 . PCR products were electrophoresed on 4 % agarose gels.
Real-Time PCR was carried out using DNA Engine based on the method of Bradford (14) . Total salivary protein was determined using a standard curve prepared using albumin as a reference. 
Results
Gene expression in submandibular glands
We initially compared the gene expression patterns in the 3 mouse strains. In a total of 24,896 genes on the genechip array, 592 genes were classified as present in C3H, B6-Chr2 C3H and absent in B6. Of these 592 genes, there were 517 with a signal intensity of more than 100 and 127 genes with signal intensity of more than 300, and 12 of these were located on chromosome 2 ( , and 14 of these were located on chromosome 2 (Table 3) .
Ingenuity Pathways Analysis
In order to analyze the role of differences in gene expression using Expression Console Software, two catego- (Table 4) .
RT-PCR and Quantitative Real-Time PCR
RT-PCR and quantitative Real-Time PCR analysis were used to confirm the microarray data, and we analyzed data Table 2 Genes of category 1 Table 3 Genes of category 2 Table 4 Identification in molecular networks generated in category 1 and 2 by IPA from 2 genes, Capn3 and Tmem87A, which showed the largest differences in expression among B6, and C3H and B6-Chr2 Total protein volume in C3H, B6-Chr2 C3H and B6 was 0.0460 ng, 0.0377 ng and 0.0177 ng, respectively, and total protein volume in B6-Chr2 C3H and C3H was significantly lower than in B6.
Salivary protein
Discussion
The relationship between host genetic background and progress of dental caries is poorly understood. In this study, we evaluated the role of genetic factors on chromosome 2 in order to clarify the factors influencing dental caries susceptibility. Our previous study showed that host genetic factors on chromosome 2 influence caries susceptibility (7) (8) (9) . Thus, we established B6-Chr2
C3H
, in which chromosome 2 derived from B6 was replaced with chromosome 2 derived from C3H (10). This B6-Chr2 C3H strain showed significantly lower caries scores than B6, and showed no significant differences with C3H. In addition, the amount of saliva in the B6-Chr2 C3H strain was greater than that in B6 strain and lower than that in C3H (11) .
We suspected that the differences in saliva volume may influence differences in caries susceptibility among the 3 mouse strains. Thus, we believed that differences in saliva On IPA, differences among B6, and C3H and B6-Chr2 Host factors for dental caries susceptibility are influenced by salivary parameters such as buffer capacity, cariogenic bacteria counts, pH, salivary secretion, total saliva volume and total protein content (20) . Orino et al. reported that the salivary flow volume in B6-Chr2 C3H was significantly lower than in C3H, and significantly higher than in B6 (10) . This study showed similar results. Dental caries susceptibility may thus be related to total saliva concentration(21) and salivary components (22, 23) . Therefore, because the proteins in saliva may affect caries sensitivity, we measured salivary protein concentration in the 3 mouse strains.
Protein concentration of B6-Chr2 C3H was significantly lower than in B6 and C3H. However, the total protein volume in B6-Chr2 C3H and C3H was significantly lower than in B6.
Furthermore, when saliva from the 3 mouse strains was placed in medium with S. mutans, the colony counts did not significantly differ (unpublished data). Our data suggest that salivary proteins do not participate in the differences in caries susceptibility in the 3 mouse strains.
In conclusion, our results suggest that Tmem87A and Capn3 on chromosome 2 play a role in caries susceptibility.
Moreover, salivary protein does not affect caries susceptibilInt J Oral-Med Sci 11(4):242-248, 2013 247 Table 5 Saliva protein concentration, amount of saliva, total saliva protein in 3 strains ity in the 3 strains. This suggests that differences in caries sensitivity between B6, C3H and B6-Chr2 C3H are based on differences in water secretion and transportation in the salivary gland.
